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(57) ABSTRACT

A control device classifies a plurality of batteries included in
a battery string into a first battery (e.g., Ni-MH) and a second
battery (e.g., LiB). When a predetermined first condition 1s
satisfied, the control device connects, to a power supply
circuit, only the first battery among the batteries included 1n
the battery string. When a predetermined second condition 1s

satisfied, the control device connects, to the power supply
circuit, only the second battery among the batteries included
in the battery string.
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POWER SUPPLY SYSTEM AND CONTROL
DEVICE

CROSS REFERENCE TO RELATED
APPLICATIONS

This nonprovisional application 1s based on Japanese
Patent Application No. 2021-053230 filed on Mar. 26, 2021
with the Japan Patent Oflice, the entire contents of which are
hereby incorporated by reference.

BACKGROUND
Field

The present disclosure relates to a power supply system
and a control device, and more particularly, to a technique
for controlling a battery string.

Description of the Background Art

Japanese Patent Laying-Open No. 2018-074709 discloses
a power supply system including a power supply circuit, a
battery string connectable to the power supply circuit, and a
control device for controlling the battery string. The battery
string includes a plurality of battery circuits connected to
cach other. Each of the plurality of battery circuits includes
a battery 1n a manner connectable to and disconnectable
from the power supply circuit. The control device can adjust
the output voltage of the battery string to a desired level by
controlling the connection and disconnection of the battery.
Such a battery string can function as one power storage
device. Heremailter, each battery constituting the battery
string 1s also referred to as a “battery element”. Even 11 one
of the battery elements fails, the battery string can operate
normally as a power storage device by disconnecting the
failed battery element.

SUMMARY

In recent years, from the viewpoint of environmental
conservation and the like, an electrically powered vehicle
mainly using electric power as a power source (for example,
xEV such as a battery electrically powered vehicle or a
plug-in hybrid electrically powered vehicle) tends to
increase. In order to effectively use the batteries used in the
clectrically powered vehicle, a battery string may be manu-
tactured using the batteries used 1n the electrically powered
vehicle. If different types of batteries are used for each
vehicle, different types of batteries may be used to manu-
tacture the battery strings. However, Japanese Patent Lay-
ing-Open No. 2018-074709 does not provide a control
device suitable for controlling a battery string (heremafter,
also referred to as a “heterogenecous battery mixture string”)
including dissimilar batteries in a mixed state.

The present disclosure was made to solve the problem
above, and an object thereot 1s to provide a control device
suitable for controlling a heterogeneous battery mixture
string, and a power supply system 1ncluding such a control
device.

A power supply system according to the present disclo-
sure includes a power supply circuit, a battery string con-
nectable to the power supply circuit, and a control device
that controls the battery string. The battery string includes a
plurality of battery circuits connected to each other. Each of
the plurality of battery circuits includes a battery 1n such a
manner that the battery 1s connectable to and disconnectable
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from the power supply circuit. The control device classifies
a plurality of batteries included 1n the battery string into at
least a first battery and a second battery. When a predeter-
mined first condition 1s satisfied, the control device con-
nects, to the power supply circuit, only the first battery
among the batteries imncluded 1n the battery string. When a
predetermined second condition 1s satisfied, the control
device connects, to the power supply circuit, only the second
battery among the batteries included in the battery string.

A control device according to the present disclosure 1s a
control device that controls a battery string connectable to a
power supply circuit. The battery string includes a plurality
of battery circuits connected to each other. Each of the
plurality of battery circuits includes a battery in such a
manner that the battery 1s connectable to and disconnectable
from the power supply circuit. The control device classifies
a plurality of batteries included 1n the battery string into at
least a first battery and a second battery. When a predeter-
mined first condition 1s satisfied, the control device con-
nects, to the power supply circuit, only the first battery
among the batteries imncluded 1n the battery string. When a
predetermined second condition 1s satisfied, the control
device connects, to the power supply circuit, only the second
battery among the batteries included in the battery string.

The control device selectively connects either the first
battery or the second battery to the power supply circuit.
Therefore, when the control device controls a heterogeneous
battery mixture string, the control device can connect only
the batteries of the same type to the power supply circuit.
The control device can cause the power supply circuit to
output electric power appropriate for the first battery, and
can also cause the power supply circuit to output electric
power appropriate for the second battery. The control device
enables output characteristics of the battery string to be
varied to a great extent. Moreover, the control device can
selectively connect only the batteries of the same type to the
power supply circuit, and therefore, the control device can
appropriately control even a heterogeneous battery mixture
string 1ncluding different types of batteries (two or more
types of batteries that are significantly different 1n voltage
from each other, for example) that cannot be activated
simultaneously.

The control device may classify a plurality of batteries
included in the battery string 1nto two types (first battery and
second battery) or three or more types. The first condition 1s
a condition under which the first battery 1s used solely, and
can be determined arbitrarily. The second condition 1s a
condition under which the second battery 1s used solely, and
can be determined arbitrarily. The first condition and the
second condition may be determined so that either one of the
first and second conditions 1s satisfied.

Each of the plurality of battery circuits may include the
battery, a first switch connected in parallel to the battery, and
a second switch connected 1n series to the battery. In each of
the plurality of battery circuits, when the second switch 1s in
an OFF state, the battery may be disconnected from the
power supply circuit and, when the first switch 1s 1n the OFF
state and the second switch 1s 1n an ON state, the battery may
be connected to the power supply circuit.

The battery circuit having the above-described configu-
ration enables batteries to be appropriately connected to and
disconnected from the power supply circuit by the first
switch and the second switch.

Each of the plurality of battery circuits may include a first
output terminal and a second output terminal to which a
battery voltage 1s applied when the first switch 1s in the OFF
state and the second switch 1s 1n the ON state. The second
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output terminal of the battery circuit may be connected to the
first output terminal of a battery circuit adjacent to the
former battery circuit so that the battery circuits included 1n
the battery string are connected to each other.

The plurality of battery circuits included in the battery
string may include: a plurality of first battery circuits each
including a battery classified as the first battery; and a
plurality of second battery circuits each including a battery
classified as the second battery. When the first condition 1s
satisfied, the control device may transmit a {irst control
command to the battery string. When the second condition
1s satisfied, the control device may transmit a second control
command to the battery string. When the battery string
receives the first control command, the battery string may
drive the first switch and the second switch of each of the
first battery circuits 1n such a manner that respective batter-
ies 1included in the first battery circuits are connected to the
power supply circuit. When the battery string receives the
second control command, the battery string may dnive the
first switch and the second switch of each of the second
battery circuits in such a manner that respective batteries
included in the second battery circuits are connected to the
power supply circuit.

The above-described configuration enables the first bat-
tery and the second battery included 1n the battery string to
be approprately distinguished and controlled.

The control device may generate a control command (first
control command or second control command, for example)
to the battery string, so that output power of the battery
string has a target value. Each of the first switch and the
second switch may be a semiconductor relay such as SSR
(Solid State Relay). An example of the semiconductor relay
1s a field-eflect transistor.

The battery string may further include: a control circuit
that generates a switching signal in accordance with a
control command from the control device; a first driving
circuit; and a second driving circuit. The first driving circuit
may drive the first switch and the second switch of each of
the plurality of first battery circuits, using a first switching,
signal generated by the control circuit 1n accordance with the
first control command from the control device, or using a
switching signal that 1s delayed relative to the first switching
signal. The second driving circuit may drive the first switch
and the second switch of each of the plurality of second
battery circuits, using a second switching signal generated
by the control circuit 1n accordance with the second control
command from the control device, or using a switching
signal that 1s delayed relative to the second switching signal.

The above-described configuration enables the battery
string including many batteries to be controlled appropri-
ately.

The battery string may cause predetermined batteries (first
batteries or second batteries, for example) to be connected
successively to the power supply circuit. For example, in the
battery string, driving circuits provided for respective bat-
tery circuits may be arranged from upstream to downstream
in the direction 1n which a signal 1s transmitted. The driving
circuit located uppermost stream may drive the first switch
and the second switch of the battery circuit associated with
the uppermost-stream driving circuit, in accordance with a
switching signal generated based on the control command
received Irom the control device. Each driving circuit that 1s
not located uppermost stream may receive the switching
signal from the upstream driving circuit to generate a
switching signal delayed by a predetermined time relative to
the received switching signal to drive the first switch and the
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second switch of the battery circuit associated with the
former driving circuit, in accordance with the generated
switching signal.

The first battery may be a nickel-metal hydride battery.
The second battery may be a lithium-ion battery.

For electrically-driven vehicles that are widespread cur-
rently, either nickel-metal hydnde battery or lithtum-ion
battery 1s often used as a battery storing power for driving
the vehicle. The above-described power supply system can
approprately control a heterogeneous battery mixture string
manufactured from both the nickel-metal hydride battery
and the lithrum-ion battery that were used for the electri-
cally-driven vehicles. Thus, the batteries used for the elec-
trically-driven vehicles can be used eflectively.

In the power supply system, the second battery may be
smaller 1n output power and larger 1n capacity than the first
battery.

The power supply system having the above-described
configuration combines the first battery of high output and
low capacity with the second battery of low output and high
capacity to enable output characteristics (particularly output
power and output duration) of the battery string to be varied
to a great extent.

When the first condition 1s satisfied, the control device
may cause each battery connected to the power supply
circuit to be discharged, while keeping connecting, to the
power supply circuit, only the first battery among the
batteries included in the battery string. When the second
condition 1s satisfied, the control device may cause each
battery connected to the power supply circuit to be dis-
charged, while keeping connecting, to the power supply
circuit, only the second battery among the batteries included
in the battery string. When a predetermined third condition
1s satisfied, the control device may cause each battery
connected to the power supply circuit to be discharged,
while keeping connecting both the first battery and the
second battery to the power supply circuit.

The above-described configuration enables the power
supply circuit to selectively output one of electric power
appropriate for the first battery, electric power appropriate
for the second battery, and electric power appropriate for the
combination of the first battery and the second battery,
depending on which of the first to third conditions 1is
satisfied. The first battery and the second battery may have

respective voltages that are close to each other to such an
extent that enables both the batteries to be activated simul-
taneously. The first to third conditions may be determined so
that either one of the conditions is satisfied selectively.

When a predetermined fourth condition 1s satisfied, the
control device may cause each battery connected to the
power supply circuit to be charged and discharged repeat-
edly, while keeping connecting at least one of the first
battery and the second battery to the power supply circuit.

The above-described power supply system may be used
for energy management, for example. The control device
may cause each battery connected to the power supply
circuit to be charged and discharged repeatedly, to adjust the
power Irequency.

The power supply circuit may be electrically connectable
to an external power supply. The control device may control
the power supply circuit 1n such a manner that causes the
power supply circuit to adjust electric power of the external
power supply, using input and output power of the power
supply circuit. The control device may determine, based on
a required degree of power adjustment and a required time
duration for power adjustment, whether or not each of the
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first condition, the second condition, the third condition, and
the fourth condition 1s satisfied.

Depending on the required degree of power adjustment
and the required time duration for power adjustment, the
control device can selectively cause discharging of the first
battery, discharging of the second battery, discharging of
both the first battery and the second battery, and repeated
charging and discharging of at least one of the first battery
and the second battery. The above-described configuration
tacilitates appropriate power adjustment of the external
power supply.

The power supply system may include a management
device requesting the control device to make electric power
adjustment for the external power supply. The management
device may be a server managing supply and demand for the
external power supply. The celectric power adjustment
requested to the control device by the management device
may 1nclude supply of electric power for compensating for
power shortage of the external power supply and adjustment
of frequency of electric power supplied from the external
power supply.

The foregoing and other objects, features, aspects and
advantages of the present disclosure will become more
apparent from the following detailed description of the
present disclosure when taken in conjunction with the
accompanying drawings.

BRIEF DESCRIPTION OF THE

DRAWINGS

FIG. 1 1s a diagram showing a configuration of a power
supply system according to an embodiment of the present
disclosure.

FIG. 2 1s a diagram showing a configuration of a battery
string shown in FIG. 1.

FIG. 3 1s a diagram showing a configuration of a driving,
circuit and a battery circuit shown in FIG. 2.

FI1G. 4 1s a time chart showing an example of the operation
of the battery circuit controlled by the control device accord-
ing to the embodiment of the present disclosure.

FIG. 5 1s a diagram showing a battery circuit in an
operating state.

FIG. 6 1s a diagram showing a state of a battery circuit in
a delay period.

FIG. 7 1s a diagram showing a state of a battery circuit
during a stop period.

FIG. 8 1s a diagram showing a configuration of a control
device according to an embodiment of the present disclo-
sure.

FIG. 9 1s a diagram showing an operation example of a
battery string for executing N1 output and L1 output without
delay processing by each SUA.

FIG. 10 1s a diagram showing an operation example of a
battery string for executing N1 output under the condition of
delay processing.

FIG. 11 1s a diagram showing an operation example of a
battery string for executing L1 output under the condition of
delay processing.

FIG. 12 1s a diagram showing an operation example of a
battery string for executing Ni&Li output.

FIG. 13 1s a diagram showing an operation example of a
battery string for executing N1&Li1 charging and discharging.

FIG. 14 1s a flowchart showing a process executed when
the control device according to the embodiment of the
present disclosure receives a power output request.

FIG. 15 1s a diagram for explaining the magnitude of the
power and the discharge duration of the L1 output in the
battery string.
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FIG. 16 1s a diagram for explaining a magnitude of power
and a discharge duration of a N1 output 1n a battery string.

FIG. 17 1s a diagram showing an example of Ni&li
charging and discharging executed 1n the process shown 1n
FIG. 14.

FIG. 18 1s a flowchart showing a first modified example
of the process shown in FIG. 14.

FIG. 19 1s a flowchart showing a process related to
frequency adjustment 1n a second modified example of the
process shown i FIG. 14.

FIG. 20 1s a flowchart showing a third modified example
of the process shown i FIG. 14.

FIG. 21 1s a diagram showing a modified example of the
configuration shown in FIG. 2.

DETAILED DESCRIPTION

Embodiments of the present disclosure will be described
in detail below with reference to the drawings. The same or
corresponding elements 1n the drawings have the same
reference characters allotted and description thereof will not
be repeated. FIG. 1 1s a diagram showing a configuration of
a power supply system according to this embodiment. Refer-
ring to FIG. 1, power supply system 1 includes battery
strings Stl, St2, St3, . . . distribution board 100, PCS (Power
Conditioning System) 200, HUB 300, and GCU (Group
Control Unlt) 500. The battery strings Stl, St2, St3,
included 1n the power supply system 1 may have dif erent
configurations, but 1n this embodiment, they have the same
configuration. Hereinafter, each of the battery strings Stl,
St2, St3, . .. will be referred to as a “battery string St” unless
they are described 1n a distinguished manner.

The battery strings St1, St2, St3, . . . are connected to the
distribution board 100 wvia electrlc wires PL1, PL2,

PL3, . . . respectively. The electric wires PLl PL2,
PL3, . . . are respectively provided with breakers R1, R2,
R3, . . . . The GCU 500 1s configured to switch the

connection/disconnection of the electric wires PL1, PL2,
PL3, . . . by controlling ON/OFF of the breakers R1, R2,
R3, .. .. A power supply circuit connectable to the battery
strings St1, St2, St3, . . . 1s formed by the distribution board
100, the PCS 200, and the electric wires (the electric wires
PL1, PL2, PL3, ... 1ncluded in the power supply system 1)
The power supply circuit of the power supply system 1 1s
clectrically connected to at least one of the supply target and
the power grid PG. In the power supply system 1, the power
supply circuit connected to the at least one battery string St
1s configured to output the power generated by the at least
one battery string St to the supply target. In the power supply
system 1, the power supply circuit connected to the at least
one battery string St 1s configured to supply the power 1mnput
from the power grid PG to the at least one battery string St.

As described above, the power supply circuit of the power
supply system 1 1s configured to be connectable to the power
orid PG. Specifically, the PCS 200 included in the power
supply system 1 1s connected to the distribution board 100
via the power line SL1 and to the power grid PG via the
power line SL2. The PCS 200 1s configured to switch
connection (parallel on)/disconnection (parallel off) between
the power supply circuit of the power supply system 1 and
the power grid PG. The power grid PG corresponds to an
example of the “external power supply” according to the
present disclosure.

The PCS 200 includes a power conversion device that
performs predetermined power conversion on power sup-
plied from at least one battery string St via the distribution
board 100. The power converter may be an inverter that
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converts DC power into AC power. The PCS 200 further
includes an operation control apparatus and a protection

apparatus. The PCS 200 1s configured to perform gnd
linkage control 1n accordance with a control command from
the GCU 500 1n a state where the distribution board 100 and
the power grid PG are mutually connected. The PCS 200
adjusts the power supplied from the power grid PG by the
power supplied from the battery string St, and outputs the
adjusted power to the supply target. However, when an
abnormality occurs in the power gnd PG, the GCU 500
controls the PCS 200 to disconnect the distribution board
100 from the power grid PG. Thus, the power supply from
the power grid PG to the supply target 1s stopped. Further,
the GCU 500 controls the PCS 200 to supply the power
supplied from the battery string St to the supply target as the
emergency power. Each battery string St serves as a main
power supply mstead of the power grid PG until the power
orid PG recovers.

In this embodiment, the house 1s a supply target. The PCS
200 may output power toward a distribution board (not
shown) connected to ermg in a house (in-home wiring).
However, the supply target 1s not limited to the house, and
may be arbitrary. For example, the supply target may be a
commercial facility. Further, the power supply system 1 may
be mounted on a mobile body such as an automobile, a ship,
a drone, or a spacecrait, and used as a power source for
movement.

The server 700 1s a server belonging to a power trans-
mission and distribution service provider. The power grid
PG 1s a power grid provided by a power company. The
clectric power company constructs an electric power net-
work (1.e., power grid PG) by power plants and power
transmission and distribution facilities, and maintains and
manages the server 700 and the power grid PG. The server
700 corresponds to a management computer of the power
orid PG. The server 700 manages supply and demand of the
power grid PG. Power companies may benefit by conducting,
transactions with consumers (e.g., individuals or corporate)
using power. The power grid PG supplies electric power to
cach consumer contracted with the electric power company,
tor example. The supply target 1n this embodiment 1s a house
to which power 1s supplied from the power grid PG. The
server 700 1s configured to be communicable with the GCU
500, and requests the GCU 500 to adjust the power of the
power grid PG as needed. The server 700 may perform DR
(demand response) with respect to the GCU 500.

The GCU 500 1s configured to transmit signals (e.g.,
control commands) to each of the PCS 200, the battery
strings Stl, St2, St3 . . . and the breakers R1, R2, R3 ... via
the HUB 300. The GCU 500 corresponds to an example of
a “control device” according to the present disclosure. The
HUB 300 includes a plurality of ports connected to the PCS
200, the GCU 500, the battery strings St1, St2, St3, . . . and
the breakers R1, R2, R3, respectwely The HUB 300
1s configured to electrically amplify an mput signal and
output the amplified signal to a specified port (1.¢., a desti-
nation indicated by the input signal). The HUB 300 may
have a switching function.

Hereinafter, unless otherwise specified, each of the elec-
tric wires PL1, PL2, PL3, . . . will be referred to as “an
electric wire PL”, and each of the breakers R1, R2,
R3, ... will be reterred to as “a breaker R”. The breaker R
may be an electromagnetic mechanical relay. The breaker R
may be conﬁgured to allow a user to manually turn on/ofl.

FIG. 2 1s a diagram showing a configuration of a battery
string St. Referring to FIG. 2, battery string St includes SCU
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8

(String Control Unit) 10, driving circuits SUA1L to SUA16,
and battery circuits BC1 to BC16.
The SCU 10 includes a control circuit that generates a

gate signal 1n accordance with a control command from the
GCU 500. Although details will be described later, the gate
signal 1s a signal specifying ON/OFF timing of switches

included 1n each of the battery circuits BC1 to BC16, and
corresponds to an example of the “switching signal™ accord-
ing to the present disclosure. In this embodiment, the SCU
10 has a processor and 1s configured to perform a predeter-
mined calculation. More specifically, the SCU 10 acquires
the states of the batteries included in the battery circuits BC1
to BC16 using sensor signals described later. This 1s not
exclusive, however, and the power supply system 1 may be
configured such that calculation 1s not performed 1n the SCU
10 but only 1n the GCU 3500.

The battery circuits BC1 to BC8 1ncludes power circuits
SUB1 to SUBS8 and cartridges Cgl to Cg8. Cartridges Cgl

to Cg8 include batteries B1 to B8 and monitoring units BS1
to BS8, respectively. By connecting the power circuits
SUB1 to SUBS8 to the batteries B1 to B8, battery circuits
BC1 to BC8 including the batteries B1 to B8 are formed,
respectively. Each of the battery circuits BC1 to BC8
corresponds to an example of the “first battery circuit”
according to the present disclosure. The driving circuits
SUA1 to SUAS8 are configured to drive switches (more
specifically, SW11 and SW12, which will be described later)
included 1n the battery circuits BC1 to BCS8, respectively.
The drniving circuits SUA1 to SUAS8 function as “first
driving circuits” according to the present disclosure.

In this embodiment, each of batteries B1 to B8 1s a
nickel-hydrogen secondary battery (hereinafter referred to
as “Ni1-MH”). In this embodiment, batteries B1 to B8 are
manufactured by connecting a plurality of N1-MH used 1n an
clectrically powered vehicle 1n series. Each of batteries Bl
to B8 1n this embodiment 1s configured by six Ni-MH
modules (used batteries) having a voltage of 6.0 to 7.2 V
connected 1n series. The total capacity of the batteries Bl to
B8 1s, for example, 4 Ah. The Ni-MH constituting each of
the batteries B1 to B8 corresponds to a high-output and
low-capacity battery.

The battery circuits BC9 to BC16 include power circuits
SUB9 to SUB16 and cartridges Cg9 to Cgl6, respectively.
Cartridges Cg9 to Cglé include batteries B9 to B16 and
monitoring units BS9 to BS16, respectively. By connecting
the power circuits SUB9 to SUB16 to the batteries B9 to
B16, the battery circuits BC9 to BC16 including the batteries
B9 to B16 are formed, respectively. Each of the battery
circuits BC9 to BC16 corresponds to an example of the

“second battery circuit” according to the present disclosure.
The driving circuits SUA9 to SUA16 are configured to drive

switches (more specifically, SW11 and SW12, which will be
described later) included in the battery circuits BC9 to
BC16, respectively. The driving circuits SUA9 to SUA16
function as “second driving circuits” according to the pres-
ent disclosure.

In this embodiment, each of batteries B9 to B16 1s a
lithium 1on secondary battery (hereimnafter, referred to as
“LiB”). In this embodiment, batteries B9 to B16 are manu-
factured by connecting a plurality of LiB used 1n an elec-
trically powered vehicle 1n series. Each of batteries B9 to
B16 in this embodiment 1s configured by connecting twelve
L1B cells (used batteries) having a voltage of 3.1 to 3.8 V 1n
series. The total capacity of the batteries B9 to B16 1s, for
example, 50 Ah. The LiB constituting each of the batteries
B9 to B16 corresponds to a low-output, high-capacity bat-
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tery, and has a smaller output power and a larger capacity
than Ni1-MH constituting each of the batteries B1 to BS.

Hereinafter, unless they are described 1n a distinguished
manner, each of the driving circuits SUA1 to SUA16 will be
referred to as “SUA”, each of the power circuits SUBI1 to
SUB16 will be referred to as “SUB”, each of the battery
circuits BC1 to BC16 will be referred to as “battery circuit
BC”, each of the cartridges Cgl to Cgl6 will be retferred to
as “Cg”, each of the batteries B1 to B16 will be referred to
as “battery B”, and each of the monitoring units BS1 to
BS16 will be referred to as “monitoring unit BS”. Each
battery B corresponds to a battery element (a battery con-
stituting a battery string).

FI1G. 3 1s a diagram showing a configuration of the driving,
circuit (SUA) and the battery circuit BC. Referring to FIG.
3 together with FIG. 2, the battery circuit BC includes a
power circuit (SUB), a cartridge (Cg), and breakers RB1 and
RB2 (heremnafter, referred to as “breaker RB” when not
distinguished). The SUB and Cg are connected to each other
via breakers RB1 and RB2. The SCU 10 1s configured to
switch the connection state (conduction/disconnection)

between the SUB and the Cg by performing ON/OFF
control of each circuit breaker RB 1n accordance with a
control command from the GCU 3500. The breaker RB may
be an electromagnetic mechanical relay. The breaker RB
may be configured to allow a user to manually turn on/ofl.

In this embodiment, the battery string St comprises a
plurality of combinations of SUA, SUB, and breaker RB,
and these combinations have the same configuration and are
compatible. Therefore, the SUA, the SUB, and the breaker
RB may be modularized. By modularizing common com-
ponents, cost reduction due to mass production can be
expected. In addition, the handling of each module becomes
casy, so that a failed module can be easily replaced.

The Cg 1s configured to be detachable from the SUB. For

example, when each of the breakers RB1 and RB2 is in an
OFF state (cutofl state), the user may remove Cg from the
SUB. Since the battery string St can operate even if there 1s
an empty cartridge, the user can easily increase or decrease
the number of Cg included in the battery string St. The

battery string St may have an empty cartridge for retrofitting.
Such a battery string St 1s suitable for reuse of batteries.

At Cg, the monitoring unit BS 1s configured to detect a
state (e.g., voltage, current, and temperature) of the battery
B and to output the detection result to the SCU 10. The
monitoring unit BS includes a voltage sensor for detecting,
the voltage of the battery B, a current sensor for detecting the
current of the battery B, and a temperature sensor for
detecting the temperature of the battery B. The monitoring
unit BS may be BMS (Battery Management System) further
having, 1n addition to the sensor function, an SOC (State Of
Charge) estimation function, an SOH (State of Health)
estimation function, a battery voltage equalization function,
a diagnosis function, and a communication function. The
SCU 10 obtains states (e.g., temperature, current, voltage,
SOC, and internal resistance) of the batteries B included 1n
the battery circuits BC1 to BC16 based on the outputs of the
monitoring units BS, and outputs the obtained states of the
batteries B to the GCU 500.

The GCU 500 performs charge and discharge control of
the battery string St so that the SOC of each battery B
included 1n the battery string St does not fall below the lower
limit SOC value and does not exceed the upper limit SOC
value. In this embodiment, the lower limit SOC value 1s set
to 20%, and the upper limit SOC value 1s set to 80%.
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Therefore, each battery B included in the battery string St 1s
charged and discharged 1n the range of 20 to 80% SOC (in

the range of SOC used).

The battery circuits BC1 to BC16 included in the battery
string St are connected by a common electric wire PL. The
clectric wire PL 1ncludes output terminals OT1 and OT2 of
the battery circuits BC. The output terminal OT2 of the
battery circuit 1s connected to the output terminal OT1 of the
battery circuit adjacent to the battery circuit, whereby the
battery circuits BC included in the battery string St are
connected to each other. For example, the output terminal
OT2 of the battery circuit BC1 1s electrically connected to
the output terminal OT1 of the battery circuit BC2 adjacent
to the battery circuit BCI1.

The SUB includes a first switching element 11 (herein-
alter referred to as “SW11”), a second switching element 12
(heremaftter referred to as “SW127), a first diode 13, a
second diode 14, a choke coil 15, a capacitor 16, and output
terminals OT1 and OT12. Each of SW11 and SW12 1s driven
by SUA. SW11 and SW12 according to this embodiment
correspond to examples of the “first switch™ and the “second
switch” according to the present disclosure, respectively.

The switch SW11, the capacitor 16, and the battery B are
connected 1n parallel between the output terminals OT1 and
OT12 of the SUB. SW11 1s located on the electric wire PL and
1s configured to switch a connection state (conduction/
disconnection) between the output terminal OT1 and the
output terminal OT2. The output terminal OT1 1s connected
to the positive electrode of the battery B via the electric wire
BL1, and the output terminal OT2 1s connected to the
negative electrode of the battery B via the electric wire BL2.
The breakers RB1 and RB2 are provided on the electric
wires BL1 and BL2, respectively. The electric wire BL1 1s
turther provided with the SW 12 and the choke coil 15. In
the battery circuit BC, the voltage of the battery B 1s applied
between the output terminals OT1 and O12 when the SW12
connected 1n series with the battery B 1s 1n the ON state
(connection state) and the SW11 connected 1n parallel with
the battery B 1s 1n the OFF state (interrupted state).

A capacitor 16 connected to each of the electric wire BL1
and the electric wire BL2 1s provided between the output
terminals OT1 and OT2 and the battery B. One end of the
capacitor 16 1s connected to the electric wire BL1 between
the SW 12 and the choke coil 15. The capacitor 16 smoothes
the voltage of the battery B and outputs the smoothed

voltage across the output terminals O1T1 and OT2.
Each of SW11 and SW12 1s, for example, an PET (Field

Effect Transistor). The first diode 13 and the second diode 14
are connected 1n parallel to SW11 and SW12, respectively.
The switch SW12 1s located between the output terminal
OT1 and the choke coil 15. The choke coil 15 1s located
between the SW 12 and the positive electrode of the battery
B. The battery B, the choke coil 15, and the capacitor 16
form an RCL filter. The RCL filter equalizes the current.
Each of SW11 and SW12 1s not limited to FET, but may be
a switch other than FET.

The dniving circuit (SUA) 1s provided for each battery
circuit BC. SUA 1ncludes a GD (gate driver) 31 for driving
SW11 and SW12 in accordance with a gate signal, and a
delay circuit 32 for delaying the gate signal. Each of SW11
and SW12 included 1n the battery circuit BC 1s controlled to
be ON/OFF 1n accordance with a gate signal.

FIG. 4 1s a time chart showing an example of the operation
of the battery circuit BC controlled by the gate signal. In this
embodiment, rectangular wave signals are used as gate
signals for driving SW11 and SW12. “Low” and “High” of

the gate signal shown 1n FIG. 4 mean the L level and the H
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level of the gate signal (rectangular wave signal), respec-
tively. The “output voltage” means a voltage output between
the output terminals OT1 and OT2.

Referring to FIG. 4 together with FIG. 3, 1n the 1nitial state
of battery circuit BC, no gate signal 1s input to SUA (gate
signal=L level), and SW11 and SW12 are 1n the ON state
and the OFF state, respectively.

When a gate signal 1s input to the SUA, the GD 31 drives
the SW11 and the SW12 1n accordance with the mput gate
signal. In the example shown 1n FIG. 4, at timing t1, the gate
signal rises from the L level to the H level, and at the same
time as the rise of the gate signal, the SW11 switches from
the ON state to the OFF state. Then, at timing t2 delayed by
a predetermined time (heremaiter referred to as “dtl”™) from
the rise of the gate signal, the SW 12 1s switched from the
OFF state to the ON state. Thus, the battery circuit BC enters
an operating state. Hereinatter, a period from the rise of the
gate signal until the elapse of dtl is also referred to as a “first
delay period”.

FIG. 5 1s a diagram showing the battery circuit BC 1n an
operating state. Referring to FIG. 5, 1n battery circuit BC 1n
the operating state, SW11 1s 1n the OFF state and SW12 1s
in the ON state, whereby the voltage of battery B 1s applied
between output terminals OT1 and OT2. When the voltage
of the battery B 1s applied between the output terminals OT1
and OT2 wvia the capacitor 16, the voltage Vm 1s output
between the output terminals OT1 and OT2. When the
battery circuit BC 1s in an operating state, the battery B
included 1n the battery circuit BC 1s connected to the power
supply circuit of the power supply system 1.

Referring again to FIG. 4 together with FIG. 3, when the
gate signal falls from the H level to the L level at timing (3,
the SW 12 1s switched from the ON state to the OFF state
simultaneously with the fall of the gate signal. Thus, the
battery circuit BC 1s brought into a stopped state. In the
battery circuit BC 1n the stopped state, the voltage of the
battery B 1s not applied between the output terminals OT1
and OT12 because the SW12 is turned OFF. Thereafter, at

timing t4 delayed by a predetermined time (heremafter
referred to as “dt2”) from the falling edge of the gate signal,

the SW11 1s switched from the OFF state to the ON state.
The dtl and dt2 may be the same or different from each
other. In this embodiment, each of dtl and dt2 1s 100 nsec.
However, each of dtl and dt2 can be arbitrarily set.

When the battery circuit BC 1s 1n a stopped state, the
battery B included in the battery circuit BC 1s disconnected
from the power supply circuit of the power supply system 1.
Hereinaiter, a period from the falling edge of the gate signal
until the elapse of dt2 is also referred to as a “second delay
period”. A period from the end of the second delay period
until the battery circuit BC enters the operating state 1s also
referred to as a “stop period”.

FIG. 6 1s a diagram showing a state of the battery circuit
BC 1n a delay period. As shown 1n FIG. 6, 1n each of the first
delay period and the second delay period, both SW11 and
SW12 are turned off.

FIG. 7 1s a diagram showing a state of the battery circuit

BC during a stop period. As shown in FIG. 7, 1n the stop
period, as 1n the mnitial state, SW11 1s turned ON and SW12

1s turned OFF.

During both the delay period and the stop period, the
battery circuit BC 1s 1n a stopped state. In the battery circuit
BC 1n the stopped state, no voltage 1s applied between the
output terminals OT1 and OT2. By providing the first delay
period and the second delay period, the switch SW11 and the
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switch SW12 are prevented from being turned ON at the
same time (that 1s, the battery circuit BC 1s prevented from
being short-circuited).

As described above, each of the battery circuits BC1 to
B(C16 includes the batteries B1 to B16 1n such a manner that
the battery circuits BC1 to BC16 can be connected to or
disconnected from the power supply circuit of the power
supply system 1, respectively. Connection/disconnection of

battery B 1s performed by SW11 and SW12. Fach battery

circuit BC 1ncludes a battery B, a SW 11 connected 1n
parallel to the battery B, and a SW 12 connected 1n series to
the battery B. In each battery circuit BC, the battery B 1s
disconnected from the power supply circuit when the SW 12
1s 1n the OFF state, and the battery B 1s connected to the

power supply circuit when the SW 11 1s in the OFF state and
the SW 12 1s 1n the ON state.

Referring again to FIG. 2 and FIG. 3, 1n the battery string
St, SUAs provided for each battery circuit BC are arranged
from upstream to downstream in the signal transmission
direction. The driving circuits SUA1 to SUA16 are arranged
as driving circuits SUA1, SUA2, SUA3, ... from upstream.
That 1s, the driving circuit SUA1 1s located at the most
upstream side. The SCU 10 generates a gate signal in
accordance with a control command from the GCU 500, and
outputs the generated gate signal to the driving circuit

SUA1. In this embodiment, the control command transmuit-
ted from the GCU 500 to the SCU 10 includes a command

tor the SCU 10 (hereinatter referred to as “SCU command”)
and a command for each SUA (heremnaiter referred to as
“SUA command™). The SCU command includes switching
information indicating the timing of rising/falling of the gate
signal. The switching information may specily a total period
and a duty ratio of the gate signal (a ratio of the H level
period to the total period) in addition to the rising/falling
timing. The SUA command includes operation information
specilying the battery circuit BC to be operated (that 1s, at
least one of the battery circuits BC1 to BC16) and delay
information indicating whether or not delay processing 1s
performed 1n each SUA. Further, the delay information may
specily a delay time 1n delay processing in addition to the
presence or absence of delay processing. The GCU 500 can
control the output of the battery string St by causing the SCU
10 to generate a desired gate signal and delay the generated
gate signal to each SUA as needed. The GCU 3500 may
perform PWM (pulse width modulation) control using a
rectangular-wave gate signal.

The SCU 10 generates a gate signal 1n accordance with a
control command (SCU command) from the GCU 500, and
transmits a SUA command together with the generated gate
signal to the driving circuit SUA1. The gate signal 1s
transmitted from the most upstream driving circuit SUAT1 to
the downstream side. A gate signal and a SUA command are
input to each SUA. Heremalfter, the operation of each SUA

will be described.

The GD 31 of each SUA determines whether or not the
battery circuit BC corresponding to the SUA 1s an operation
target based on the SUA command (operation information).
When the battery circuit BC corresponding to the SUA 1s to
be operated, the GD 31 drives the SW11 and SW12 of the
battery circuit BC according to the gate signal before
transmitting the mput gate signal and the SUA command to
the downstream side. The GD 31 operates the battery circuit
BC at the operation timing indicated by the gate signal (e.g.,
timing t2 shown in FIG. 4), and stops the battery circuit BC
at the stop timing indicated by the gate signal (e.g., timing
t3 shown in FIG. 4).
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The GD 31 of each SUA determines the presence or
absence of delay processing on the gate signal based on the
SUA command (delay information). When the delay infor-
mation indicates “‘there i1s delay processing’, the GD 31
outputs the gate signal to the delay circuit 32. The delay
circuit 32 generates a gate signal by delaying the input gate
signal for a predetermined time (hereinafter referred to as
“SUA delay time”), and outputs the generated gate signal to
the downstream SUA. The SUA delay time 1s, for example,
a fixed value. However, the SUA delay time may be set 1n
accordance with the SUA command (delay information)
from the GCU 500. When the delay information indicates
“no delay processing”, the GD 31 outputs a gate signal
directly to the downstream SUA without passing through the
delay circuit 32. Therefore, the delay processing by the delay
circuit 32 1s not performed.

When the battery circuit BC corresponding to the SUA 1s
not to be operated, the GD 31 passes the mput gate signal
and the SUA command (pass-through). In this case, the gate
signal 1s transmitted to the downstream SUA without switch-
ing in the battery circuit BC. Therefore, the battery circuit
BC 1s 1 a stopped state. The most downstream SUA (the
driving circuit SUA 16 1n this embodiment) may transmit a
gate signal to the SCU 10 instead of the downstream SUA.
The SCU 10 can recognize that the gate signal has been
transmitted to the most downstream by receiving the gate
signal from the most downstream SUA.

FIG. 8 1s a diagram showing a configuration of the GCU
500. Referring to FI1G. 8 together with FIGS. 1 to 3, the GCU
500 1s configured to integrally control a plurality of battery
strings St 1ncluded 1n the power supply system 1. The
number of battery strings St included in the power supply
system 1 may be 5 to 10. The number of battery strings
included 1n the power supply system 1s arbitrary, and may be
2 to 4, or 100 or more.

The GCU 3500 includes a controller 5310, a storage device
520, a commumcation device 530, an mput device 5340, and
a display device 550. The controller 510 may be a computer.
The controller 510 includes a processor such as a CPU
(Central Processing Unit) and a RAM (Random Access
Memory) for temporarily storing data to be processed by the
processor. The storage device 520 1s configured to be able to
store the stored information. The storage device 520 stores,
for example, a program executed by the processor and
information (e.g., map, mathematical expression, and vari-
ous parameters) used in the program. The communication
device 530 includes various communication I/Fs (inter-
taces). Controller 510 1s configured to communicate with the
outside of GCU 500 through communication device 530. In
this embodiment, various processes 1n the GCU 500 are
executed by the controller 510 executing a program stored 1n
the storage device 520. However, various processes in the
GCU 500 are not limited to execution by software, and may
be executed by dedicated hardware (electronic circuit).

The 1mput device 540 1s a device that accepts an input
from a user. The mput device 540 outputs a signal corre-
sponding to an input from the user to the controller 510. For
example, the user may input a predetermined instruction or
request to the controller 510 or may set a value of a
parameter to the controller 510 through the input device 540.
Examples of the input device 540 include various switches
(such as a push button switch and a slide switch), various
pointing devices (such as a mouse and a touch pad), a
keyboard, and a touch panel. The mput device 340 may also
include a smart speaker for receiving audio 1nput.

The display device 550 1s configured to display informa-
tion mput from the controller 510. The controller 510 can
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notify the user of information via the display device 550.
Examples of the display device 550 include a CRT (Cathode
Ray Tube) display, a liqud crystal display (LCD), and a
touch panel display. The display device 550 may have a
speaker Tunction.

The GCU 500 manages information on each registered
battery B while distinguishing by the battery ID (1dentifi-
cation mformation for identifying the battery B). Specifi-
cally, battery management information as shown 1n FIG. 8 1s
stored 1n the storage device 520. The controller 510 may
display the battery management information on the display
device 550. The user can register the battery B 1n the GCU
500 or update the battery management information through
the input device 540. When the battery B 1s registered 1n the
GCU 500, a battery ID 1s assigned to the battery B, and
information related to the battery B 1s added to the battery
management information 1n a state of being linked to the
battery ID. The GCU 500 manages each battery B using the
battery management information.

The battery management information indicates a string
ID, a battery 1D, a type, a model number, the number, and
a group for each registered battery B. The string ID of the
battery management information indicates the battery string,
St to which the battery B belongs. For example, “St-1" and
“St-2” 1 FIG. 8 indicate that the battery B specified by the
battery ID belongs to the battery strings Stl1 and St2,
respectively. The type, model number, and number of the
battery management information indicate the type, model
number, and number of the secondary battery (module/cell)
constituting the battery B, respectively. In this embodiment,
the type of battery 1s either a nickel-hydrogen battery
(N1-MH) or a lithium-1on battery (LiB). The model number
of a battery indicates the structure (e.g., size, shape, and
material) and capacity of the battery. The same model
number means that the battery structure, capacity, and
manufacturing conditions are approximately the same. For
example, the battery B specified by the battery ID “B-1”
includes six Ni-MH modules of model number “XXX™.

The group of battery management information indicates a
group to which the battery B belongs. When the battery B 1s
registered 1n the GCU 500, the GCU 500 distributes the
battery B to any group based on the type of the battery. For
example, with respect to the battery string St1, Ni1-MH 1s
allocated to the group 1, and LiB 1s allocated to the group
(G2. The GCU 3500 classifies each battery B included 1n the
battery string Stl into a {first battery and a second battery
based on the battery management information. In the battery
string Stl, each of the batteries B1 to B8 belonging to the
group G1 corresponds to a first battery, and each of the
batteries B9 to B16 belonging to the group G2 correspond
to a second battery. The information for distinguishing the
batteries B 1s not limited to the battery management infor-
mation shown 1n FIG. 8. For example, the battery manage-
ment information may not indicate a model number. The
battery management information may indicate not only a
model number but also a battery manufacturer.

When the GCU 500 generates the control command
described above, the GCU 500 determines whether or not
cach group 1s to be operated. Thus, the GCU 500 can
perform charge control and discharge control of the battery
strings St for each group. In this embodiment, the operation
target 1ndicated by the control command for the battery
string Stl 1s any one of the group G1 alone, the group G2
alone, and the groups G1 and G2. However, when the GCU
500 detects the failure of the battery B, the GCU 500

excludes the failed battery B from the operation target.
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Hereinafter, with reference to FIGS. 1 to 3, a case where
the operation target indicated by the control command
(operation imnformation) for the battery string St1 1s only the
group (G1, a case where the operation target 1s only the group
(G2, and a case where the operation target 1s both the groups
(G1 and G2 will be described. The GCU 500 instructs each
SUA of the battery string Stl to be operated using the SUA
command (operation information).

The battery circuits BC1 to BC8 includes batteries B1 to
B8 (Ni-MH) belonging to the group G1, respectively. When
the SUA command transmitted from the GCU 500 to the
most upstream driving circuit SUA1 indicates that only the
group G1 (battery circuits BC1 to BC8) 1s to be operated, the
GD 31 of the driving circuit SUAL1 sets the battery circuit
BC1 to the operating state at the operating timing indicated
by the gate signal received from the GCU 500. Thereafter,
the driving circuit SUA1 transmits the gate signal and the
SUA command to the downstream driving circuit SUA2
with or without performing delay processing on the gate
signal 1n accordance with the SUA command (delay infor-
mation) received from the GCU 500. Further, the GD 31 of
the driving circuit SUA1 sets the battery circuit BC1 in the
operating state to the stopped state at the stop timing
indicated by the gate signal received from the GCU 500.

The GD 31 of the driving circuits SUA2 to SUAS located
downstream of the driving circuit SUA1 respectively puts
the battery circuits BC2 to BCS8 into the operating state at the
operating timing indicated by the gate signal received from
the upstream SUA. Further, each of the driving circuits
SUA2 to SUAS8 transmits the gate signal and the SUA
command to the downstream SUA with or without perform-
ing delay processing on the gate signal 1n accordance with
the SUA command (delay information) received from the
upstream SUA. Further, each GD 31 of the driving circuits
SUA2 to SUAS sets the battery circuit BC 1n the operating
state to the stopped state at the stop timing indicated by the
gate signal received from the upstream SUA.

The GD 31 of each of the driving circuits SUA9 to
SUA16 located downstream of the driving circuit SUAS, to
the downstream SUA, passes through the gate signal and the
SUA command received from the upstream SUA. Thus,
cach of the battery circuits BC9 to BC16 1s maintained 1n the
stopped state. Thus, when only the group G1 1s the target of
operation indicated by the control command for the battery
string Stl, only the Ni1-MH (first battery) among the batteries
B included 1n the battery string St1 1s connected to the power
supply circuit of the power supply system 1. Hereinatter,
such a connection state 1s also referred to as “Ni connection
state”. By controlling the PCS 200 in the N1 connection
state, the GCU 500 can cause each Ni1-MH connected to the
power supply circuit to discharge (hereinafter also referred
to as “N1 output”), charge each Ni-MH connected to the
power supply circuit (hereinafter also referred to as “Ni
input”), and alternately repeat charging and discharging of
cach Ni1-MH connected to the power supply circuit (herein-
after also referred to as “Ni charging and discharging™). In
the N1 output, each Ni-MH 1included 1n the battery string St
outputs power to the power supply circuit of the power
supply system 1. At the N1 input, each Ni1-MH 1ncluded 1n
the battery string St 1s charged by the power supplied from
the power grid PG to the power supply circuit of the power
supply system 1. Ni charging and discharging may be
continuous pulse charging and discharging.

The battery circuits BC9 to BC16 include batteries B9 to
B16 (LiB) belonging to the group G2, respectively. When
the SUA command transmitted from the GCU 500 to the
most upstream driving circuit SUA1 indicates that only the
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group G2 (battery circuits BC9 to BC16) 1s to be operated,

the GD 31 of each of the driving circuits SUA1 to SUAS, to
the downstream SUA, passes through the gate signal and the
SUA command received from the GCU 3500. Thus, each of
the battery circuits BC1 to BC8 1s maintained 1n a stopped
state. The GD 31 of the driving circuits SUA9 to SUA16
located downstream of the driving circuit SUAS8 respectively
puts the battery circuits BC9 to BC16 into the operating state
at the operating timing indicated by the gate signal received
from the upstream SUA. Each of the driving circuits SUA9
to SUA16 transmits the gate signal and the SUA command
to the downstream SUA with or without performing delay
processing on the gate signal in accordance with the SUA
command (delay information) received from the upstream
SUA. Further, each of the GDs 31 of the driving circuits
SUA9 to SUA16 sets the battery circuit BC in the operating
state to the stop state at the stop timing 1ndicated by the gate
signal recerved from the upstream SUA.

As described above, when the operation target indicated
by the control command for the battery string St 1s only the
group G2, only LiB (second battery) of the batteries B
included 1n the battery string Stl 1s connected to the power
supply circuit of the power supply system 1. Hereinatfter,
such a connection state 1s also referred to as a “L1 connection
state”. By controlling the PCS 200 in the L1 connection state,
the GCU 3500 can cause each LiB connected to the power
supply circuit to discharge (hereinaiter also referred to as “Li1
output™), charge each LiB connected to the power supply
circuit (hereinafter also referred to as “Li mput”), and
alternately repeat charging and discharging each 1.1B con-
nected to the power supply circuit (hereinafter also referred
to as “L1 charging and discharging™). In the L1 output, each
1B included 1n the battery string St outputs power to the
power supply circuit of the power supply system 1. At the L1
input, each LiB included 1n the battery string St 1s charged
by the power supplied from the power grid PG to the power
supply circuit of the power supply system 1. The L1 charging
and discharging may be continuous pulse charging and
discharging.

When the SUA command transmitted from the GCU 500
to the most upstream driving circuit SUA1 indicates that
both the groups G1 and G2 (battery circuits BC1 to BC16)
are to be operated, the GD 31 of the driving circuits SUA1
to SUA16 respectively puts the battery circuits BC1 to BC16
into operation states at the operation timing 1indicated by the
input gate signals. Each of the GDs 31 of the driving circuits
SUA1 to SUA16 transmits the gate signal and the SUA
command to the downstream SUA with or without perform-
ing delay processing on the gate signal 1n accordance with
the inputted SUA command (delay information). Further, the
GD 31 of each of the driving circuits SUA1 to SUA16 sets
the battery circuit BC 1n the operating state to the stopped
state at the stop timing indicated by the mput gate signal.

As described above, when the operation target indicated
by the control command for the battery string St1 is both the
groups G1 and G2, both Ni-MH and LiB included in the
battery string Stl are connected to the power supply circuit
of the power supply system 1. Hereinafter, such a connection
state 1s also referred to as “Ni&Li1 connection state”. By
controlling the PCS 200 in the Ni1&L1 connection state, the
GCU 500 can cause each N1-MH and each LiB connected to
the power supply circuit to discharge (hereimnafter also
referred to as “Ni&Li output”), charge each Ni-MH and each
1B connected to the power supply circuit (hereinafter also
referred to as “Ni&Li1 mput™), and alternately repeat charg-
ing and discharging each Ni-MH and each LiB connected to
the power supply circuit (hereinafter also referred to as
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“Ni&L1 charging and discharging™). In the Ni&lLi output,
cach Ni1-MH and each LiB included in the battery string St
outputs power to the power supply circuit of the power
supply system 1. At the Ni&Li mput, each Ni1-MH and each
1B included in the battery string St are charged by the
power supplied from the power grid PG to the power supply
circuit of the power supply system 1. The Ni&Li1 charging
and discharging may be continuous pulse charging and
discharging.

The driving circuit SUA16 located most downstream in
the battery string St outputs a gate signal to, for example, the
SCU 10. This 1s not exclusive, however, and the driving
circuit SUA16 may stop the transmission of the gate signal.
Further, the GCU 500 may transmit a gate signal indicating
both the operation timing and the stop timing to the driving
circuit SUA1L, or may transmit a gate signal indicating the
stop timing to the driving circuit SUA1 after transmitting a
gate signal indicating the operation timing.

FIG. 9 1s a diagram showing an operation example of a
battery string St for executing Ni output and Li output
without delay processing by each SUA. FIG. 9 shows the
states (connection/disconnection) of the batteries Bl to B16
and the output voltage of the battery string St.

Referring to FIGS. 2 and 3 and FIG. 9, the N1 output by
the battery string St 1s executed when the battery string St 1s
in the N1 connection state. In the N1 connection state, each
of the batteries B1 to B8 1s connected to the power supply
circuit, and each of the batteries B9 to B16 1s disconnected
from the power supply circuit. In the N1 output, power
(voltage: VH1 1n FIG. 9) 1s output from the battery string St
in the N1 connected state. On the other hand, the L1 output
by the battery string St 1s executed when the battery string
St 1s 1n the L1 connection state. In the Li-connected state,
cach of the batteries B9 to B16 1s connected to the power
supply circuit, and each of the batteries B1 to B8 1s discon-
nected from the power supply circuit. At the L1 output,
power (voltage VH2 in FIG. 9) 1s output from the battery
string St 1n the Li-connected state.

The GCU 500 may perform PWM control on the output
of the battery string St by adjusting the duty ratio of the gate
signal. Further, when each SUA 1n the battery string St
transmits the gate signal to the downstream side, delay
processing may be performed by the delay circuit 32.

FIG. 10 1s a diagram showing an operation example of the
battery string St for executing N1 output under the condition
with delay processing. In this example, the GCU 500
transmits an SCU command to the SCU 10 indicating the
initial rise timing, period, and duty ratio of the gate signal.
The SCU 10 generates a gate signal having a first rise timing,
a period, and a duty ratio specified by the SCU command.
Further, the GCU 500 transmits a SUA command 1ndicating
“with delay processing” to the SCU 10. The delay time 1s,
for example, a fixed value. In the example shown 1n FIG. 10,
the duty ratio of the gate signal 1s 50%. FIG. 10 shows the
states (connection/disconnection) of the batteries B1 to B5
and the output voltage of the battery string St. The states
(connection/disconnection) of the batteries B1 to BS are
switched according to the rising/falling of the gate signal.

Referring to FIG. 10 together with FIG. 2 and FIG. 3, in
this operation method, when a gate signal 1s transmitted to
cach of the driving circuits SUA1 to SUAS, the delay circuit
32 of each of the SUAs delays the gate signal. Therefore, the
batteries B2 to B8 are sequentially connected to the power
supply circuit at predetermined delay times after the first
battery B1 1s connected to the power supply circuit. Each
Ni1-MH connected to the power supply circuit 1s discon-
nected from the power supply circuit after a predetermined
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time (time specified by the gate signal) has elapsed. The
batteries B1 to B8 (Ni1-MH) are sequentially connected to
and disconnected from the power supply circuit. In the
operation method (sweeping method) shown 1n FIG. 10, a
predetermined number of Ni1-MHs are always connected to
the power supply circuit while the Ni1-MHs connected to the
power supply circuit are switched. On the other hand, the
batteries B9 to B16 (LiB) are always disconnected from the
power supply circuit. That 1s, the battery string St enters the
N1 connection state. Then, electric power (voltage: VHI 1n
FIG. 10) 1s output from the battery string St in the Ni-
connected state. By sequentially operating a plurality of
Ni1-MHs 1n the sweeping method, the current and SOC of
cach N1-MH included in the battery string St can be equal-
1zed.

FIG. 11 1s a diagram showing an operation example of the
battery string St for executing L1 output under the condition
with delay processing. In this example, L1 output 1s executed
in a sweeping method. The control method 1s substantially
the same as the sweeping method of N1 output shown i FIG.
10. In the example shown 1n FIG. 11, the duty ratio of the
gate signal 1s 50%. FIG. 11 shows the states (connection/
disconnection) of the batteries B9 to B13 and the output
voltage of the battery string St. The states (connection/
disconnection) of the batteries B9 to B13 are switched
according to the nising/falling of the gate signal.

Retferring to FIG. 11 together with FIG. 2 and FIG. 3, 1n
this operation method, when a gate signal 1s transmitted to
the driving circuits SUA9 to SUA16, the delay circuit 32 of
cach SUA delays the gate signal. Therefore, the batteries
B10 to B16 are sequentially connected to the power supply
circuit at predetermined delay times after the first battery B9
1s connected to the power supply circuit. Further, each LiB
connected to the power supply circuit 1s disconnected from
the power supply circuit after a predetermined time (time
specified by the gate signal) has elapsed. The batteries B9 to
B16 (LiB) are sequentially connected to and disconnected
from the power supply circuit. In the operation method
(sweeping method) shown i FIG. 11, a predetermined
number of LiBs are always connected to the power supply
circuit while the LiBs connected to the power supply circuit
are switched. On the other hand, the batteries B1 to B8
(N1-MH) are always disconnected from the power supply
circuit. That 1s, the battery string St 1s in the Li-connected
state. Then, electric power (voltage: VH2 1 FIG. 11) 1s
output from the battery string St in the Li-connected state.
By sequentially operating a plurality of LiBs 1n the sweeping
method, the current and SOC of each 1B included 1n the
battery string St can be equalized.

FIG. 12 1s a diagram showing an operation example of a
battery string St for executing Ni&Li output. FIG. 12 shows
the states (connection/disconnection) of the batteries B1 to
B16 and the output voltage of the battery string St.

Retferring to FIG. 12 together with FIGS. 2 and 3, the
Ni1&Li1 output by the battery string St 1s executed when the
battery string St 1s in the Ni&Li1 connection state. In the
Ni&Li1 connection state, each of the batteries B1 to B16 1s
connected to a power supply circuit. In the Ni&Li1 output,
power (voltage: VH3 1n FIG. 12) 1s output from the battery
string St 1n the Ni&ILi1 connected state.

FIG. 13 1s a diagram showing an operation example of a
battery string St for executing Ni1& L1 charging and discharg-
ing. FIG. 13 shows the states (connection/disconnection) of
the batteries B1 to B16 and the voltages of the battery strings
St (with the discharge side being positive and the charge side
being negative).
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Referring to FIGS. 2 and 3 and FIG. 13, Ni&Li charging
and discharging by the battery string St 1s executed when the
battery string St 1s 1n the Ni&Li1 connection state. In the
Ni&IL1 connection state, each of the batteries B1 to B16 1s
connected to a power supply circuit. In Ni&lLi charging and
discharging, Ni&Li discharging and Ni&lLi charging are
repeated at a predetermined cycle. In Ni&lLi discharging,
clectric power (voltage: VH3 in FIG. 13) 1s output from the
battery string St in the Ni&L1 connection state. In Ni&Li
charging, electric power (voltage: —VH3 1n FIG. 13) 1s mnput
to the battery string St 1n the Ni&lLi1 connection state. In
Ni&Li1 charging and discharging, the amount of electric
power output from the battery string St in one Ni&lLi
discharge 1s the same as the amount of electric power 1input
to the battery string St 1n one Ni&Li charge. Therefore, even
if the battery string St executes Ni&lL1 charging and dis-
charging, the amount of electricity stored in the battery
string St (More specifically, SOC of each Ni1-MH and each
1B included 1n the battery string St) 1s not reduced.

When the GCU 500 1s requested from the server 700 to
adjust power of the power grid PG, the GCU 3500 controls
cach battery string St and the power supply circuit (e.g., each
breaker R and the PCS 200) so as to adjust the power of the
power grid PG by the mput power and output power of the
power supply circuit. GCU 500 may control PCS 200 and
cach battery string St to execute one selected from the group
consisting of N1 output, N1 input, N1 charging and discharg-
ing, L1 output, L1 input, L1 charging and discharging, Ni&lLi
output, Ni&L1 mput, and Ni&Li1 charging and discharging.

FIG. 14 15 a flowchart showing an example of processing
executed by the GCU 500 when power output 1s requested
from the server 700. In this example, the degree of power
adjustment and the adjustment time are transmitted from the
server 700 to the GCU 500. The server 700 specifies, as the
degree of power adjustment, the magnitude of the adjust-
ment power 1n the range of greater than 0 kW and less than
or equal to 40 kW. In a state where at least one battery string
St 1s connected to the power supply circuit of the power
supply system 1 and the power supply circuit and the power
orid PG are connected (parallel on), the GCU 500 controls
at least one battery string St (e.g., battery string Stl) so as
to respond to a request from the server 700. When the GCU
500 1s requested to output power from the server 700, the
GCU 500 executes a process shown 1 FIG. 14 described
below. Hereinafter, each step in the flowchart 1s simply
referred to as “S”.

Referring to FIG. 14 together with FIGS. 1 to 3, 1n S11,
the GCU 500 determines whether or not the required adjust-
ment power 1s 10 kW or less, and 11 the determination result
1S YES, the GCU 500 determines in S21 whether or not the
required adjustment time 1s within 29.5 minutes. When the
GCU 500 determines YES 1n both S11 and S21, 1n S31, the
GCU 500 causes the battery string Stl to execute L1 output
in a sweeping method simultaneously connecting half of the
L1Bs to the power supply circuit with a gate signal of a duty
ratio of 50%. Thus, the GCU 500 acquires the adjustment
power and the adjustment time requested from the server
700, and causes the battery string Stl to execute the above-
described L1 output when the adjustment power 1s equal to
or less than the predetermined first power and the adjustment
time 1s within the predetermined first time. The first time 1s
set according to the discharge duration of the L1 output at the
first power 1n the battery string Stl. In this embodiment, the
first power 1s 10 kW, and the first time 1s 29.5 minutes.

FIG. 15 1s a diagram for explaining the magnitude of the
power and the discharge duration of the L1 output in the
battery string Stl. Referring to FIG. 135, the discharge
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duration of the 10 kW Li output 1n battery string St1 1s 29.5
minutes. The battery string Stl can continuously output
clectric power of 10 kW for 29.5 minutes while varying the
clectric current from electric power (current: L level) of 55
A current and 183 V voltage to electric power (current: H
level) of 67 A current and 149 V voltage. In this embodi-
ment, the total capacity of LiB included 1n the battery string
Stl 1s 50 Ah. Each LiB 1s charged and discharged 1n the SOC
range of 20 to 80%. Therelore, the substantial capacity of
LiB 1s 30 Ah (=50 Ahx0.6). The discharge duration is
calculated from an expression such as “30x2x60/
(55+67)=29.5”. The GCU 500 may generate a control com-
mand for the battery string Stl so that the power of the Li
output of the battery string St1 becomes a target value (e.g.,

10 KW).

Referring again to FIGS. 1 to 3 and FIG. 14, if NO 1s
determined 1n S11, the GCU 500 determines 1n S12 whether
or not the required adjustment power 1s 25 kW or less, and
if the determination result 1s YES, the GCU 500 determines
in S22 whether or not the required adjustment time 1s within
0.9 minutes. When 1t 1s determined YES in both S12 and
S22, 1n S32, the GCU 3500 causes the battery string Stl to
execute Ni output 1 a sweeping method simultaneously
connecting half of the Ni-MHs to the power supply circuit
with a gate signal having a duty ratio of 50%. Thus, the GCU
500 acquires the adjustment power and the adjustment time
requested from the server 700, and causes the battery string
Stl to execute the above-described N1 output when the
adjustment power 1s greater than the first power and equal to
or less than the predetermined second power and the adjust-
ment time 1s within the predetermined second time. The
second time 1s set according to the discharge duration of the
N1 output at the second power 1n the battery string Stl. In
this embodiment, the second power 1s 25 kW, and the second
time 1s 0.9 minutes.

FIG. 16 1s a diagram for explaining the magnitude of the
power and the discharge duration of the Ni output 1n the
battery string Stl. Referring to FIG. 16, the discharg
duration of the 25 kW Ni output 1n battery string St1 1s 0.9
min. The battery string St1 can continuously output power of
25 kW for 0.9 minutes while varying the current from the
power (current: L level) of the current 146 A and the voltage
1’73V to the power (current: H level) of the current 172 A and
the voltage 144V. The voltage of the N1 output 1s set to be
approximately equal to the voltage of the L1 output. In this

embodiment, the total capacity of the N1 output included 1n
the battery string Stl 1s 4 Ah. Each Ni-MH 1s charged and

discharged in the SOC range of 20 to 80%. Therelore, the
substantial capacity of Ni-MH 1s 2.4 Ah (=4 Ahx0.6). The
discharge duration 1s calculated from an expression such as
“2.4x2x60/(146+172)=0.9". The GCU 500 may generate a
control command for the battery string St1 so that the power
of the Ni output of the battery string St1 becomes a target
value (e.g., 25 kW).

The discharge duration of the battery string St increases as
the output power decreases. For example, when the magni-
tude of the power of the Ni output 1n the battery string Stl
1s changed from 25 kW to 15 kW, the discharge duration of
the N1 output 1n the battery string St1 becomes 1.5 minutes.
The discharge duration of the battery string St increases as
the number of cartridges (Cg) included in the battery string,
St 1ncreases to increase the output voltage. For example,
when the number of Ni1-MH cartridges 1s increased from 8
to 16 1n the battery string Stl, the discharge duration of the
N1 output (25 kW) 1n the battery string St1 1s 1.8 minutes.

Referring again to FIGS. 1 to 3 and FIG. 14, 11 NO 1s
determined in S12, the GCU 500 determines whether or not
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the requested adjustment time 1s within 10 seconds 1n S23.
NO determination 1n S12 means that the required adjustment
power 1s greater than 25 kW and less than or equal to 40 kW,
When YES 1s determined 1n S23, in S33, the GCU 500
causes the battery string Stl to execute Ni&lLi output 1n a
sweeping method 1 which half Ni-MH and half LiB are
simultaneously connected to the power supply circuit with a
gate signal having a duty ratio of 50%. Thus, the GCU 500
acquires the adjustment power and the adjustment time
requested from the server 700, and causes the battery string,
Stl to execute the above-described Ni&Li output when the
adjustment power 1s greater than the second power and less
than or equal to the predetermined third power and the
adjustment time 1s within the predetermined third time. The
third time 1s set according to the discharge duration of the
Ni1&Li output at the third power 1n the battery string Stl. In
this embodiment, the third power 1s 40 kW, and the third
time 1s 10 seconds. Although the calculation formula 1s
omitted, the discharge duration of the 40 kW Ni&Li1 output
in the battery string Stl1 1s 10 seconds.
If NO 1s determined 1n any one of S21 to S23, in S34, the
GCU 500 causes the battery string Stl to execute Ni&li
charging and discharging 1n the sweeping method 1n which
haltf Ni1-MH and half LiB are simultaneously connected to
the power supply circuit with the gate signal having a duty
ratio of 50%. Thus, when the adjustment time requested by
the server 700 exceeds the allowable range of the battery
string Stl, the GCU 500 does not output the requested power
but adjusts the frequency of the power grid PG by Ni&Li1
charging and discharging.

FIG. 17 1s a diagram showing an example of Ni&lLi
charging and discharging executed in S34 of FIG. 14.
Referring to FIG. 17, battery string Stl executes continuous

pulse charging and discharging, for example, at a duty ratio
of 50% and a period of 20 seconds. Thus, the 40 kW

discharge for 10 seconds and the 40 kW charge for 10
seconds are alternately repeated. When LiB 1s charged and
discharged at 15 kW and Ni-MH 1s charged and discharged
at 25 kW, a total of 40 kW 1s charged and discharged.
When the GCU 500 1s requested to output power from the
server 700, the GCU 500 adjusts the power of the power grid
PG by the process shown 1n FIG. 14. For example, the GCU
500 may supply power from the power supply circuit of the
power supply system 1 to the house (supply target) in order
to reduce the power consumption of the power grid PG. The
GCU 500 may compensate for the temporary power short-
age of the power grid PG with the power of the battery string
St. The GCU 500 may supply power from the battery string
St to the house (the supply target) when the power grnd PG
stops powering. The GCU 500 may adjust the frequency of
the power supplied to the house (supply target) by control-
ling the charging and discharging of the battery string St.
As described above, the power supply system 1 according
to this embodiment includes a power supply circuit con-
nectable to a plurality of battery strings St, and a GCU 500
(control device) that controls each battery string St (see FIG.
1). The battery string St includes battery circuits BC1 to
BC16 connected to each other (see FIG. 2). The battery
circuits BC1 to BC16 include batteries B1 to B16 m a
manner that can be connected to and disconnected from the
power supply circuit of the power supply system 1, respec-
tively (see FIG. 3). The GCU 300 distinguishes the batteries
B1 to B16 included 1n the battery string St into a first battery
(group 1) and a second battery (group G2) (see FIG. 8).
When the predetermined first condition is satisfied, the
GCU 500 connects only the first battery (at least one of the
batteries B1 to B8) among the batteries B1 to B16 included
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in the battery string St to the power supply circuit of the
power supply system 1 and executes Ni output. In this
embodiment, the first battery 1s a nickel-hydrogen battery. In
the process shown in FIG. 14, 1f NO 1s determined 1n S11
and YES 1s determined 1n both S12 and S22, the first
condition 1s satisfied. When the first condition 1s satisfied,
the GCU 500 transmits a {irst control command specifying
the battery circuits BC1 to BC8 as the operation targets to
the battery string St. Upon receipt of the first control
command, the battery string St drives SW11 and SW12 of
the battery circuits BC1 to BC8 to connect the batteries B1
to B8 included in the battery circuits BC1 to BC8 to the
power supply circuit of the power supply system 1, respec-
tively. More specifically, the driving circuit SUAT1 drives the
switches SW11 and SW12 of the battery circuit BC1 using
the gate signal (first switching signal) generated by the SCU
10 (control circuit) 1 accordance with the first control
command from the GCU 500.

The dniving circuits SUA2 to SUAS8 drive the switches
SW11 and SW12 of the battery circuits BC2 to BCS8, for
example, using gate signals obtained by delaying gate sig-
nals (first switching signals) generated by the SCU 10,
respectively.

When the predetermined second condition 1s satisfied, the
GCU 3500 connects only the second battery (at least one of
the batteries B9 to B16) among the batteries B1 to B16
included in the battery string St to the power supply circuit
of the power supply system 1 and executes L1 output. In this
embodiment, the second battery 1s a lithium 1on battery. In
the process shown in FIG. 14, if a YES determination 1s
made 1n both S11 and S21, the second condition 1s satisfied.
When the second condition 1s satisfied, the GCU 500 trans-
mits a second control command specilying the battery
circuits BC9 to BC16 as the operation target to the battery
string St. Upon receipt of the second control command, the
battery string St drives SW11 and SW12 of the battery
circuits BC9 to BC16 to connect the batteries B9 to Blé
included 1n the battery circuits BC9 to BC16 to the power
supply circuit of the power supply system 1, respectively.
More specifically, the driving circuit SUA9 drives SW11 and
SW12 of the battery circuit BC9 using the gate signal
(second switching signal) generated by the SCU 10 (control
circuit) in accordance with the second control command
from the GCU 500. The driving circuits SUA10 to SUA16
drive the switches SW11 and SW12 of the battery circuits
BC10 to BC16, for example, using gate signals obtained by
delaying gate signals (second switching signals) generated
by the SCU 10, respectively.

Further, when the predetermined third condition 1s satis-
fied, the GCU 500 connects both the first battery and the
second battery (Both at least one of batteries B1-B8 and at
least one of batteries B9-B16) included in the battery string
St to the power supply circuit of the power supply system 1
and executes Ni1&L1 output. In the process shown 1n FIG. 14,
if NO 1s determined in both S11 and S12 and YES 1s
determined 1n S23, the third condition 1s satisfied. When the
predetermined fourth condition is satisfied, the GCU 500
connects both the first battery and the second battery
included 1n the battery string St to the power supply circuit
of the power supply system 1 and executes Ni&lLi charging
and discharging. In the process shown 1n FIG. 14, when none
of the first to third conditions are satisfied, the fourth
condition 1s satisfied. The first to fourth conditions are
alternatively satisfied. In the process shown 1n FIG. 14, the
GCU 3500 determines success/failure of each of the first
condition, the second condition, the third condition, and the
fourth condition using the required degree of power adjust-
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ment (for example, the amount of power) and the adjustment
time (the required time duration for power adjustment).
Therefore, the power supply system 1 can appropnately
adjust power 1n response to a request from the server 700.

The operation method of the battery string Stl1 1n S31 to
S34 of FIG. 4 1s not limited to the sweeping method, and
may be the operation method shown 1 FIGS. 9, 12, and 13.
The first to third powers and the first to third time periods
may be variable. For example, the first to third time periods
may be variable according to the SOC range of use of the
battery string St.

In the above-described embodiment, a case has been
mentioned where the GCU 500 requests the output of power
from the server 700, but the GCU 500 may control each
battery string St and each power supply circuit (e.g., each
breaker R and PCS 200) so as to respond to the request from
the server 700 when the GCU 500 requests the input of
power from the server 700. The GCU 500 may store the
excess power ol the power grid PG 1n the battery string St,
for example, by executing one selected from the group
consisting of N1 mput, L1 input, and Ni&Li mput.

In the above embodiment, the plurality of battery strings
St included 1n the power supply system 1 have the same
configuration. For example, the power supply system may
include a battery string Stl, a battery string St2 having a
capacity higher than that of the battery string Stl, and a
battery string St3 having a power higher than that of the
battery strlng Stl. The GCU 500 may execute the process
shown 1n FIG. 18 described below instead of the process
shown 1n FIG. 14.

FIG. 18 1s a flowchart showing a first modified example
of the process shown 1n FIG. 14. The process shown 1n FIG.
18 1s the same as the process shown 1n FIG. 14 except that
S13 1s added to the process shown i FIG. 14 and S35 and
S36 are employed instead of S34 (FIG. 14). Hereiatfter,
S13, S35, and S36 will be described.

Referring to FIG. 18 together with FIGS. 1 to 3, 1n this
modified example, there 1s no limitation on the adjustment
power required by the server 700 to the GCU 500, and
adjustment power exceeding 40 kW may be required to the
GCU 500.

If NO 1s determined 1n S12, the GCU 500 determines 1n
S13 whether or not the required adjustment power 1s 40 kW
or less, and 1f the determination result 1s YES, the GCU 500
determines 1n S23 whether or not the required adjustment
time 1s within 10 seconds. When the GCU 500 determines
YES 1n both S13 and S23, the GCU 300 causes the battery
string Stl to execute Ni&Li output 1n S33. If NO 1s
determined 1n any of S21 to S23, the GCU 500 performs
discharge control of the high capacity battery string St2 1n
S35 so as to respond to the request from the server 700. NO
determination 1n any of S21 to S23 means that the required
adjustment time exceeds the allowable range of the battery
string Stl. If NO 1s determined 1n S13, the GCU 500
performs discharge control of the high-output battery string,
St3 1n S36 so as to respond to the request from the server
700. NO determination in S13 means that the required
adjustment power exceeds the allowable range of the battery
string Stl.

When the GCU 3500 1s requested to adjust the frequency
from the server 700, the GCU 500 may execute the process
shown 1n FIG. 19 described below.

FIG. 19 1s a flowchart showing a process related to
frequency adjustment 1n a second modified example of the
process shown 1n FIG. 14. Referning to FIG. 19 together
with FIGS. 1 to 3, in this modified example, the GCU 500

determines whether or not the required adjustment power 1s
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10 kW or less 1n S51. When YES i1s determined 1n S51, the
GCU 500 causes the battery string Stl to execute L1 charg-
ing and discharging in S52. If NO i1s determined 1n S31, the
GCU 500 determines whether or not the required adjustment
power 1s 25 kKW or less 1n S53. When YES 1s determined in
S53, the GCU 500 causes the battery string Stl to execute
N1 charging and discharging in S54. If NO 1s determined in
S53, the GCU 500 determines whether or not the required
adjustment power 1s 40 kKW or less in S35. When YES 1s
determined 1n S55, the GCU 500 causes the battery string
Stl to execute Ni&Li charging and discharging in S56. On
the other hand, 1f NO 1s determined 1in S55, the GCU 500
executes charge and discharge control of the high-output
battery string St3 1n S57 so as to respond to the request from
the server 700.

The first modified example and the second modified
example may be implemented in combination. According to
the power supply system of each of the above-described
modifications, 1t 1s possible to perform power adjustment
over a wider range.

The GCU 3500 may determine whether each of the first
condition and the second condition 1s satisfied based only on
the required power level.

FIG. 20 1s a flowchart showing a third modified example
of the process shown in FIG. 14. Referring to FIG. 20
together with FIGS. 1 to 3, 1n this modified example, the
GCU 500 determines whether the requested output power 1s
equal to or greater than a predetermined reference value 1n
S61. If YES 1s determined 1n S61, the GCU 500 causes the
battery string Stl to execute Ni output 1 S62. If NO 1s
determined 1 S61, the GCU 500 causes the battery string
Stl to execute the L1 output mm S63. In a power supply
system mounted on a mobile body (e.g., a vehicle), the GCU
500 may execute the process shown i FIG. 20. In such a
mobile body, a high-output N1 output 1s executed when
instantaneous power 1s required for movement.

In the above-described embodiment, the driving circuit of
the battery circuit which 1s not to be operated passes through
the switching signal (gate signal). This 1s not exclusive,
however, signal lines of the switching signal may be pro-
vided for each battery type. FIG. 21 1s a diagram showing a
modified example of the configuration shown in FIG. 2.
Referring to FIG. 21, a battery string according to this
modified example includes a signal line SWL1 transmitting
a switching signal (gate signal) to driving circuits SUAI1 to
SUAS8, and a signal line SWL2 transmitting a switching
signal (gate signal) to driving circuits SUA9 to SUA16. The
SCU 10 transmits the gate signal (first switching signal)
generated 1 accordance with the first control command
from the GCU 300 to the signal line SWL1. In this case, the
driving circuit SUAT1 receives the gate signal (first switching
signal) generated by the SCU 10. The SCU 10 transmuits the
gate signal (second switching signal) generated in accor-
dance with the second control command from the GCU 500
to the signal line SWL2. In this case, the driving circuit
SUA9 receives the gate signal (second switching signal)
generated by the SCU 10. With this configuration, the
pass-through function of the GD 31 can be omitted.

The first battery and the second battery are not limited to
the nickel-hydrogen battery and the lithtum-ion battery
described above. The first battery and the second battery
may be two types of batteries whose voltages are greatly
different from each other. In the above-described embodi-
ment, the GCU 500 distinguishes the plurality of batteries B
included 1n the battery string St by two sections (the first
battery/the second battery), but the plurality of batteries B
may be distinguished by three or more sections. For
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example, the first battery may be a nickel-hydrogen battery,
the second battery may be a lithium 1on battery, the third
battery may be a lead-acid battery, and the fourth battery
may be a lithium-air battery. The GCU 3500 may classity the
plurality of batteries B included 1n the battery string St into
one of the first to fourth batteries. Further, the GCU 500 may
differentiate a plurality of batteries B included 1n the battery
string St by the capacity of the batteries. For example, the
first battery may have a low capacity, the second battery may
have a medium capacity, and the third battery may have a
high capacity.

In some embodiments, the power supply system may not
include a plurality of battery strings, and the number of
battery strings may be one.

Although the present disclosure has been described and
illustrated 1n detail, 1t 1s clearly understood that the same 1s
by way of illustration and example only and 1s not to be
taken by way of limitation, the scope of the present disclo-
sure being interpreted by the terms of the appended claims.

What 1s claimed 1s:

1. A power supply system comprising:

a power supply circuit;

a battery string connectable to the power supply circuit;

and

a control device that controls the battery string, wherein:

the battery string includes a plurality of battery circuits

connected to each other,

cach of the plurality of battery circuits includes a battery

in such a manner that the battery 1s connectable to and
disconnectable from the power supply circuit,

the control device classifies a plurality of batteries

included 1n the battery string into at least a first battery
and a second battery,

when a predetermined first condition 1s satisfied, the

control device connects, to the power supply circuit,
only the first battery among the batteries included in the
battery string,

when a predetermined second condition 1s satisfied, the

control device connects, to the power supply circuit,
only the second battery among the batteries included 1n
the battery string;
cach of the plurality of battery circuits includes the
battery, a first switch connected in parallel to the
battery, and a second switch connected in series to the
battery,
when the second switch 1s 1n an OFF state, the battery 1s
disconnected from the power supply circuit,
when the first switch 1s 1n the OFF state and the second
switch 1s 1n an ON state, the battery 1s connected to the
power supply circuit;

the plurality of battery circuits included in the battery
string include:

a plurality of first battery circuits each including a

battery classified as the first battery; and

a plurality of second battery circuits each including a

battery classified as the second battery,

when the first condition 1s satisfied, the control device
transmits a {irst control command to the battery string,

when the second condition 1s satisfied, the control device
transmits a second control command to the battery
string,

when the battery string receives the first control com-
mand, the battery string drives the first switch and the
second switch of each of the first battery circuits in such

a manner that respective batteries included in the first

battery circuits are connected to the power supply

circuit, and
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when the battery string receives the second control com-

mand, the battery string drives the first switch and the
second switch of each of the second battery circuits 1n
such a manner that respective batteries included in the
second battery circuits are connected to the power
supply circuit.

2. The power supply system according to claim 1, wherein

the battery string further includes:

a control circuit that generates a switching signal 1n
accordance with a control command from the control
device;

a first driving circuit that drives the first switch and the
second switch of each of the plurality of first battery
circuits, using a first switching signal generated by
the control circuit in accordance with the first control
command from the control device, or using a switch-
ing signal that 1s delayed relative to the first switch-
ing signal; and

a second driving circuit that drives the first switch and
the second switch of each of the plurality of second
battery circuits, using a second switching signal
generated by the control circuit 1n accordance with
the second control command from the control
device, or using a switching signal that 1s delayed
relative to the second switching signal.

3. The power supply system according to claim 1, wherein

the first battery 1s a nickel-metal hydride battery, and

the second battery 1s a lithium-1on battery.

4. The power supply system according to claim 1, wherein
the second battery 1s smaller in output power and larger in
capacity than the first battery.

5. A power supply system comprising:

a power supply circuit;

a battery string connectable to the power supply circuit;

and

a control device that controls the battery string, wherein:

the battery string includes a plurality of battery circuits

connected to each other,

cach of the plurality of battery circuits includes a battery

in such a manner that the battery 1s connectable to and

disconnectable from the power supply circuat,

the control device classifies a plurality of batteries

included 1n the battery string into at least a first battery

and a second battery,

when a predetermined first condition 1s satisfied, the

control device connects, to the power supply circuit,

only the first battery among the batteries included 1n the
battery string,

when a predetermined second condition 1s satisfied, the

control device connects, to the power supply circuit,

only the second battery among the batteries included 1n
the battery string,

when the first condition 1s satisfied, the control device

causes each battery connected to the power supply

circuit to be discharged, while keeping connecting, to
the power supply circuit, only the first battery among
the batteries included 1n the battery string,

when the second condition 1s satisfied, the control device

causes each battery connected to the power supply

circuit to be discharged, while keeping connecting, to
the power supply circuit, only the second battery
among the batteries included in the battery string,

when a predetermined third condition 1s satisfied, the
control device causes each battery connected to the
power supply circuit to be discharged, while keeping
connecting both the first battery and the second battery
to the power supply circuit,
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when a predetermined fourth condition 1s satisfied, the
control device causes each battery connected to the
power supply circuit to be charged and discharged
repeatedly, while keeping connecting at least one of the
first battery and the second battery to the power supply
circuit,

the power supply circuit is electrically connectable to an
external power supply,

the control device controls the power supply circuit 1n
such a manner that causes the power supply circuit to
adjust electric power of the external power supply,
using mmput and output power of the power supply
circuit, and

the control device determines, based on a required degree
of power adjustment and a required time duration for
power adjustment, whether or not each of the first
condition, the second condition, the third condition,
and the fourth condition 1s satisfied.

6. A control device that controls a battery string connect-

able to a power supply circuit, wherein

the battery string includes a plurality of battery circuits
connected to each other,

cach of the plurality of battery circuits includes a battery
in such a manner that the battery 1s connectable to and
disconnectable from the power supply circuit,

the control device classifies a plurality of batteries
included 1n the battery string into at least a first battery
and a second battery,

when a predetermined first condition 1s satisfied, the
control device connects, to the power supply circuit,
only the first battery among the batteries included in the
battery string, and

when a predetermined second condition 1s satisfied, the
control device connects, to the power supply circuit,
only the second battery among the batteries included 1n
the battery string,
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cach of the plurality of battery circuits includes the

battery, a first switch connected in parallel to the

battery, and a second switch connected 1n series to the

battery,

when the second switch 1s 1n an OFF state, the battery 1s
disconnected from the power supply circuit,

when the first switch 1s 1n the OFF state and the second
switch 1s 1n an ON state, the battery 1s connected to the
power supply circuit;

the plurality of battery circuits included in the battery
string include:
a plurality of first battery circuits each including a

battery classified as the first battery; and
a plurality of second battery circuits each including a
battery classified as the second battery,

when the first condition 1s satisfied, the control device
transmits a first control command to the battery string,

when the second condition 1s satisfied, the control device
transmits a second control command to the battery
string,

when the battery string receives the first control com-
mand, the battery string drives the first switch and the
second switch of each of the first battery circuits 1n such
a manner that respective batteries included in the first
battery circuits are connected to the power supply
circuit, and

when the battery string receives the second control com-
mand, the battery string drives the first switch and the
second switch of each of the second battery circuits in
such a manner that respective batteries included in the

second battery circuits are connected to the power
supply circuit.
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